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© Dry etching apparatus. 

© A dry etching apparatus comprises a reaction 
chamber (10) having an inlet (12) of an etching gas 
and an outlet (14) of a product gas, a first electrode 
structure (16) provided in the reaction chamber with 
a major surface adapted for supporting an object 
(18), a second electrode structure (20) having a 
major surface that opposes the major surface of the 
first electrode structure with a parallel relationship, 
the second electrode structure having optical pas- 
sage (20a, 20b, 26) for passing an optical beam, the 
optical passage including a transparent window (26) 
provided on a chamber wall of the reaction chamber, 
an aperture (20a) provided on the major surface of 
the second electrode structure in alignment with the 
window, and a void (20b) formed between the ap- 
erture and the window for freely passing the optical 
balm between the window and the aperture, a cover 
member (30) mounted detachable on the second 
electrode structure to cover the major surface there- 
of wherein the cover member having an aperture 
(30a) in alignment with the aperture on the major 
surface of the second electrode means to pass an 
optical beam that has entered into the optical pas- 
sage through the window and exiting through the 
aperture on the major surface of the second elec- 
trode means; an optical source (24) for producing 
coherent optical beam and directing the coherent 
optical beam to pass successively the optical pas- 
sage in the second electrode means and further 
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through the aperture in the cover member, and an 
optical detector (32, 34, 36) for detecting a reflection 
optical beam produced as a result of reflection of the 
incident coherent optical beam at the object and 
exiting after passing through the aperture in the 
cover member and the optical passage in the sec- 
ond electrode structure through the window on the 
wall of the reaction chamber. 
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DRY ETCHING APPARATUS 



B ACKGROUND OF THE INVENTION 

The present invention generally relates to fab- 
rication of semiconductor devices and more par- 
ticularly to a dry etching apparatus used for 
fabricating semiconductor devices. 

The technique of dry etching, particularly the 
plasma etching, is an important process in the 
fabrication of semiconductor devices. A typical 
plasma etching apparatus has a pair of parallel 
electrode plates provided in a reaction chamber to 
oppose with each other, and carries out etching of 
an object by an etching reaction that is enhanced 
by a plasma formed between the electrodes. For 
this purpose, a high frequency electric field is 
established across the opposing electrodes, and 
the object is placed on one of the electrodes to 
face the other electrode. 

The plasma etching apparatuses used in these 
days generally have a device for monitoring the 
thickness of the layer that is subjected to the 
etching such that a precise control of etching can 
be achieved. A typical example of such a device 
employs a laser beam for this purpose. More spe- 
cifically, an object such as a semiconductor sub- 
strate is placed on one of the electrodes to face 
the other, opposing electrode, and a laser beam is 
irradiated on the substrate through an aperture 
provided on the opposing electrode. Further, a de- 
tection system is provided outside the reaction 
chamber for detecting a reflected laser beam pro- 
duced upon reflection of the incident laser beam at 
the substrate. For this purpose, an optical device is 
provided so to intercept the reflected laser beam 
that exits from the aperture in the reversed direc- 
tion to the incident laser beam. 

Such a plasma etching apparatus generally has 
a transparent cover of quartz, for example, on the 
opposing electrode on which the aperture is pro- 
vided to protect the electrode from unwanted etch- 
ing. Thereby, unwanted contamination of the sub- 
strate by the deposition of metal such as aluminum 
that forms the electrode is avoided. The transpar- 
ent cover further permits the passage of the in- 
cident and reflected laser beams, and thus, an 
exact control of the etching can be achieved. 

In such a conventional plasma etching appara- 
tus, however, there arises a problem in that various 
materials that are formed as a result of etching of 
the substrate are deposited on the inner wall of the 
reaction chamber, including the transparent cover. 
When such a deposition of materials occurs, it is 
necessary to break the vacuum of the reaction 
chamber and clean up the reaction chamber regu- 
larly. Such a cleaning of the transparent cover has 



to be made with about every 50 hours. 

It snould be noted that such deposition of ma- 
terials occurs also on the quartz cover that covers 
the aperture of the opposing electrode. Thereby, 

5 the transmittance of the laser beam employed for 
the detection of the progress of the etching is 
gradually decreased. Because of this, the reliable 
detection of the end of etching is no longer possi- 
ble when the apparatus is operated, for example, 

10 about 10 hours. This duration is significantly shor- 
ter than the interval between the cleaning oper- 
ations of the reaction chamber. Thus, in the actual 
operation of the apparatus, one has to break the 
vacuum of the reaction chamber about every 10 

75 hours, instead of every 50 hours, for cleaning the 
transparent cover. Each time such a break of vacu- 
um is made, a preliminary running procedure is 
needed at the time of restarting the operation, to 
eliminate any moisture or gas that has been ad- 

20 sorbed on the wall of the reaction chamber. Thus, 
the problem of cleaning up of the transparent cover 
provides a serious problem in the efficiency of the 
etching procedure particularly when used in a 
mass-produce line. 



SUMMARY OF THE INVENTION 

Accordingly, it is a genera! object of the 

30 present invention to provide a novel and useful 
plasma etching apparatus wherein the foregoing 
problems are eliminated. 

Another object of the present invention is to 
provide a plasma etching apparatus, wherein a 

35 reliable detection of end of the etching can be 
made throughout the duration that is allowed for 
the apparatus to operate without cleaning of a 
reaction chamber. 

Another object of the present invention is to 

40 provide a plasma etching apparatus, comprising: a 
reaction chamber defined by a wall, said reaction 
chamber having an inlet for introducing a reactant 
■gas and an outlet for exhausting a product gas; first 
electrode means provided in the reaction chamber, 

45 said first electrode means having a major surface 
for supporting an object thereon; second electrode 
means having a major surface opposing with the 
major surface of the first electrode means with a 
parallel relationship therebetween; said first and 

so second electrode means being adapted to be ap- 
plied with a high frequency voltage therebetween, 
said second electrode means having optical pas- 
sage means comprising a transparent window pro- 
vided on the wall of the reaction chamber and an 
aperture provided on the major surface of the sec- 
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ond electrode means in optical communication with 
the window; a cover member mounted detachable 
on the second electrode means to cover the major 
surface thereof, said cover member having an ap- 
erture in alignment with the aperture on the major 
surface of the second electrode means to pass an 
optical beam; optical source means for producing 
an incident optical beam and directing the incident 
optical beam to the object passing through the 
window on the wall, the aperture in the second 
electrode means and further through the aperture 
in the cover member; and optical detection means 
for detecting a reflection optical beam, produced as 
a result of reflection of the incident optical beam at 
the object and exiting, after passing through the 
aperture in the cover member and the aperture in 
the second electrode means, through the window 
on the wall of the reaction chamber. According to 
the present invention, the passage of the incident 
and exiting optical beams is not interrupted at the 
cover member and any deposition of materials on 
the cover member that may cause a contamination 
of the cover member does not cause blockage of 
the optical beams or the degradation of the trans- 
mittance. Thereby, the need of frequent cleanup of 
the cover member is eliminated and the efficiency 
of operation of the etching apparatus is significantly 
improved without sacrificing the accuracy in the 
control of etching. Further, as the cover member is 
no longer required to be transparent, any desirable 
material including metals and ceramics may be 
used as the cover member of the second electrode 
means. 

Other objects and further features of the 
present invention will become apparent from the 
following detailed description when read in con- 
junction with attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG .1 is a diagram showing a plasma etching 
apparatus according to an embodiment of the 
present invention; and 1 

FIG.2 is a diagram showing the cover member 
used in the apparatus of FIG.1 to protect the 
electrode used therein. 

DETAILED DESCRIPTION 

FIG. 1 shows an embodiment of the plasma 
etching apparatus according to the present inven- 
tion. 

Referring to FIG. 1, the plasma etching appara- 
tus comprises a reaction chamber 10 defined by a 
wall on which one or more inlets 12 for introducing 
etching gases and an outlet 14 for exhausting prod- 
uct gases are provided. The outlet 14 is connected 
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to a vacuum pump not illustrated. In the reaction 
chamber 10, there is provided an electrode 16 that 
comprises an aluminum disc 16a having a diameter 
of about 200 mm and a boron nitride holder 16b 
provided on the aluminum disc 16a for supporting 
a semiconductor substrate 18. In order to hold the 
substrate 18 on the boron nitride holder 16b, there 
is provided a silicon rubber chucking member that 
is not illustrated. The aluminum disc 16a is con- 
nected electrically to an oscillator 1 that produces a 
high frequency electric output typically of 13.56 
MHz. 

Opposing the electrode 16, there is provided a 
second electrode 20 of aluminum disc such that 
the electrode 20 is connected to the ground. Upon 
energization of the oscillator 1, there is established 
a plasma in the reaction chamber 10 in a region 
between the first and second electrodes and there- 
by the etching of the semiconductor substrate held 
on the first electrode 16 is made as a result of the 
excitation of the etching gas introduced into the 
reaction chamber 10. For example, the etching of 
silicon oxide or phosphosilicate glass (PSG) is 
achieved when a fluoride etching gas is used. 
During the operation, the reaction chamber 10 is 
continuously evacuated such that the pressure 
therein is held at a constant level. The etching thus 
achieved acts selectively on a particular crystal 
surface and shows anisotropy. The etching process 
is known as the reactive ion etching (RIE). 

The surface of the electrode 20 is protected by 
a quartz cover 30 that is mounted detachable on 
the electrode 20. Thereby, the reaction between 
the aluminum surface of the electrode 20 and the 
etching gas is effectively avoided and the problem 
of contamination of the substrate during the pro- 
cess of plasma etching is eliminated. 

FIG.2 shows the quartz cover 30. As can be 
seen, the quartz cover 30 has a disc shape cor- 
responding to the disc of the electrode 20, and 
there are provided catch members 30b for mount- 
ing the cover 30 detachable on the electrode 20. 
The catch member 30b is actually a claw that is 
formed at the rim part of the' cover 30. Upon 
mounting of the cover 30, the claws 30b are 
hooked on the electrode 20. 

In order to monitor the progress of the etching, 
a quartz window 26 is provided on the wall of the 
reaction chamber 10 and a laser beam is intro- 
duced into the reaction chamber 10 through the 
window 26. For this purpose, a laser source 24 is 
provided adjacent to the window 26. In order to 
allow passage of the laser beam, an aperture 20a 
is provided on the aluminum disc forming the elec- 
trode 20 in correspondence to the center of the 
electrode 20. The aperture 20a may have a diam- 
eter of about 10 mm in correspondence to the 
beam size of about 6 mm of the laser beam. In the 
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present invention, the quartz cover 30 also has an 
aper ture 30a generally at the center thereof in 
alignment with the aperture 20a such that the laser 
beam introduced into the reaction chamber 10 is 
directed to the surface of the substrate without 
interruption. The aperture 30a may also have a 
diameter of about 10 mrrL Further, there is pro- 
vided a hollow, tubular metal member 22 to con- 
nect the second electrode mechanically as welt as 
electrically to the wall of the reaction chamber 10. 
It is actually this tubular member 22 that supports 
the second electrode 20 in the reaction chamber 
10. The tubular member 22 is connected to the 
electrode 20 so to surround the aperture 20a and 
connected to the wall of the reaction chamber 10 
around the circumference of the window 26. There- 
by the passage of the laser beam is formed in a 
space 20b inside the tubular member 22. 

In order to monitor the progress of the etching, 
a semi-transparent mirror or half mirror 28 is pro- 
vided in the optical path of the laser beam at 
outside of the reaction chamber 20 for deflecting 
the reflection beam that is formed by the reflection 
of the laser beam at the surface of the substrate 
18. The half mirror 28 passes freely the laser beam 
that is produced by the laser source 24 and di- 
rected to the window 26 while reflects the reflection 
beam in a direction generally perpendicular to the 
optical path of the laser beam. On the path of the 
deflected reflection beam, there is provided a 
photodetector 32 that detects the intensity of the 
reflection beam. The photodetector 32 produces an 
output signal indicative of the detected intensity 
and the output of the photodetector 32 is measured 
by a power meter 34. The power meter 34 is 
connected to an end detector unit 36 that detects 
the end of etching according to the principle de- 
scribed below. 

Upon irradiation of the laser beam, there is 
formed an interference between the incident laser 
beam and the reflection beam such that the inten- 
sity of the beam detected by the detector 32 is 
changed alternately with the progress of the etch- 
ing. In other words, the intensity of the output of 
the photodetector 32, detected by the power meter 
34, is changed alternately in a unit time. As the 
alternating change in the intensity of the detected 
i aser beam is caused as a result of the Moire 
fringes, the number of changes in a unit time is 
related to the thickness of the substrate when the 
etching is progressed at a constant speed. Thus, 
the end detection unit 34 detects the thickness of 
the layer to be etched by counting the number of 
changes in the intensity of the laser beam detected 
by the detector 32. 

In the present invention, the detection of the 
thickness of the layer that is subjected to the 
etching is detected exactly and with reliability, as 



the optical path of the \as&\ beam introduced into 
the reaction chamber 10 not obstructed by the 
quartz cover 30. In other words, even after a pro- 
longed use that invites a deposition of materials on 

5 the quartz cover 30, the path of the laser beam is 
free and the laser beam incident to the substrate or 
the laser beam reflected at the substrate passes 
through the optical path in the tubular member 22 
without losing the intensity. 

io It should be noted that the tubular member 22 

surrounds the optical path of the laser beam includ- 
ing the quartz window 26. Thus, the deposition of 
the material on the window 26 during the etching 
process is held minimum and the problem of de- 

15 crease in the intensity of the laser beam does not 
occur. Preferably, the window 26 is separated from 
the electrode oy a distance of about 100 mm or 
more. The fact that the aperture 20a or 30a has the 
diameter of only 10 mm also contributes to the 

20 elimination of invasion of the product of the etching 
reaction into the space formed in the tubular mem- 
ber 22. 

According to the present invention, an efficient 
operation of the apparatus is achieved by eliminat- 

25 ing the frequent cleanup procedure while still main- 
taining the exact monitoring of the thickness of the 
layer under etching. 

Obviously, the cover member 30 is not limited 
to quartz or any transparent material but silicon or 

30 other opaque materials may be used as long as the 
material does not cause contamination of the sub- 
strate and can endure the temperature that appears 
during the etching process. For example, the cover 
member 30 may be formed of silicon. Further, the 

35 apertures 20a and 30a are not limited to the cir- 
cular holes as disclosed in FIG.2, but any form of 
apertures such as triangular or rectangular may be 
used. Further, the position where the aperture 20a 
or 30a is provided in not limited on the center of 

40 the circular electrode 20 but may offset as long as 
the apertures 20a and 30a are in optical commu- 
nication with the window 26 via the space 20b 
inside the tubular member 22. in correspondence 
to this, the number of aperture 20a or the number 

45 of aperture 30a is not limited to one. 

Further, the present invention is not limited to 
the embodiments described heretofore, but various 
variations and modifications may be made without 
departing from the scope of the invention 

so 

Claims 

1. A dry etching apparatus for etching an object, 
55 comprising: a reaction chamber (10) defined by a 
chamber wall, said reaction chamber having an 
inlet (12) for introducing an etching gas and an 
outlet (14) for exhausting a product gas formed as 
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a result of etching; first electrode means (16) pro- 
vided in the reaction chamber, said first electrode 
means having a major surface adapted for support- 
ing an object (18) thereon; second electrode means 
(20) having a major surface that opposes the major 
surface of the first electrode means with a parallel 
relationship between the opposing major surfaces 
of the first and second electrode means, said first 
and second electrode means being adapted to be 
applied with a high frequency voltage therebetween 
for establishing a high frequency electric field, said 
second electrode means having optical passage 
means therein for passing an optical beam, said 
optical passage means comprising a transparent 
window (26) provided on the chamber wall of the 
reaction chamber, an aperture (20a) provided on 
the major surface of the second electrode means in 
alignment with the window, and a void (20b) 
formed between the aperture and the window for 
freely passing the optical beam between the win- 
dow and the aperture; a cover member (30) moun- 
ted detachable on the second electrode means to 
cover the major surface thereof; optical source 
means (24) for producing a coherent optical beam 
and directing the coherent optical beam to the 
object; and optical detection means (32, 34, 36) for 
detecting a reflection optical beam, produced as a 
result of reflection of the coherent optical beam at 
the object and exiting from the window on the wall 
of the reaction chamber; 

characterized in that said cover member has an 
aperture (30a) in alignment with the aperture on the 
major surface of the second electrode means to 
pass the coherent optical beam that has entered 
into the optical passage means through the window 
and exiting from the aperture on the major surface 
of the second electrode means such that the co- 
herent opitcal beam hits the object; said optical 
source means (24) directs the coherent optical 
beam along an optical path that passes the optical 
passage means successively through the window 
(26), the void (20b) and the aperture (20a) in the 
second electrode means and further through the 
aperture (30a) in the cover member (30). 

2. A dry etching apparatus as claimed in claim 1 
characterized in that said second electrode means 
(20) comprises a metal disc facing the major sur- 
face of the first electrode means and a hollow, 
tubular connection member (22) connecting the 
metal disc to the wall of the reaction chamber, said 
tubular connection member having a wall (22) that 
surrounds the void (20b) forming the optical pas- 
sage means. 

3. A dry etching apparatus as claimed in claim 1 
characterized in that said cover member (30) com- 
prises quartz. 1 

4. A dry etching apparatus as claimed in claim 1 
characterized in that said cover member (30) com- 
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prises silicon. 

5. A dry etching apparatus as claimed in claim 1 
characterized in that said cover member (30) com- 
prises a material that keeps the .object free from 
contamination when the object is subjected to etch- 
ing. 

6. A dry etching apparatus as claimed in claim 1 
characterized in that said aperture (30a) formed in 
the cover member has a diameter of about 10 mm. 

7. A dry etchng apparatus as claimed in claim 1 
characterized in that said first and second elec- 
trode means establish a plasma therebetween upon 
application of the high frequency voltage for en- 
hancement of the etching. 
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